Biomarkers are pharmacological and physiological measurements or specific biochemicals in the body that have a particular molecular feature that makes them useful for measuring the progress of disease or the effects of treatment. Due to the complexity of neurological disorders, it is very difficult to have perfect markers. Brain diseases require plenty of markers to reflect the metabolic impairment of different brain cells. The recent introduction of the metabolomic approach helps the study of neurological diseases based on profiling a multitude of biochemical components related to brain metabolism. This review is a trial to elucidate the possibility to use this approach to identify plasma metabolic markers related to neurological disorders. Previous trials using different metabolomic analyses including nuclear magnetic resonance spectroscopy, gas chromatography combined with mass spectrometry, liquid chromatography combined with mass spectrometry, and capillary electrophoresis will be traced.
Introduction
Ultimately, the main goals of research on human diseases are to cure the disorders or to increase the length and quality of life of those affected. Novel biomarker identification in neurological disorders will facilitate the achievement of these goals. First, by providing sensitive and selective clinical correlates for the evaluation and diagnosis of those affected by neurological disorders. Second, by providing insights into disease mechanisms that can be used to identify therapeutic targets and to develop efficacious compounds to target them.
Biomarkers that will be useful for either disease prediction or treatment should have one or more of several properties, including: (i) specific and selective association with illness in a population; (ii) heritability; (iii) state independence and presence, whether or not the clinical phenotype of the disease is present; (iv) co-segregation with disease within families; and (v) presence in relatives of affected individuals at a higher rate than in the general population. 1, 2 Accordingly, biomarkers have been classified as antecedent biomarkers (identifying the risk of developing an illness), screening biomarkers (screening for subclinical disease), diagnostic biomarkers (recognizing overt disease), staging biomarkers (categorizing disease severity), or prognostic biomarkers (predicting future disease course, including recurrence and response to therapy, and monitoring Open Access Journal of Clinical Trials downloaded from https://www.dovepress.com/ by 54.70.40.11 on 07-Dec-2018 For personal use only. Powered 
Biochemical markers in neurological diseases
Because of the inherent difficulties in characterizing and accessing neurological disorders, biomarkers that satisfy these criteria have been difficult to identify. For the purposes of developing disease diagnostics, peripheral tissues such as blood, urine and saliva are easily attainable ante-mortem. However, for discovering etiologically relevant genes, proteins, or small molecules, the preferred biological source is often those pathologically affected tissues that are more difficult to attain. Many attempts at bypassing the problem of tissue availability have used in vitro and animal models of neurological disease. However, given the complexities of human neurological disorders, which often contain significant behavioral components, these models are often imperfect. 12 In many cases, the complexity of the brain itself presents a severe roadblock to identification of useful biomarkers. In most organs (eg, liver, muscle), cells are more homogenous in their phenotypes, transcriptomes, proteomes, and cellular interactions. However, in the brain, transcriptomes, Biomarker discovery in neurological diseases Dovepress submit your manuscript | www.dovepress.com Dovepress proteomes, morphological phenotypes, and interactive connections vary widely within the neurons and glia.
According to the type of information that they provide, biomarkers for neurological disorders can also be classified as genetic, neuroimaging, clinical, or biochemical markers. 13 Classical research (pre-metabolomics) on the identification of biochemical biomarkers in blood and cerebrospinal fluid (CSF) for neurological disorders has been aimed at assaying single metabolites. Often this search has been based on research hypotheses. Unfortunately, none of the single biomarkers identified to date have the desired sensitivity and specificity for diagnosis or have sufficient power to identify disorders at an early stage. Figure 2 demonstrates the possible mechanism related to brain injury together with the related metabolites.
Metabolomics is a functional approach for describing the modification associated with a given manipulation (eg, gene modification, toxicological insult, disease) in terms of changes in the global profile of metabolism of a cell, tissue or organism. Metabolomic techniques have been used to identify perturbations in biochemical pathways associated with diseases either in biological fluids (plasma, urine and cerebrospinal fluid), animal models (eg, yeast, mouse and sheep) and tissues or cell cultures.
The rationale for the use metabolomic approaches in the study of central nervous system (CNS) disorders aiming to capture more global biochemical disturbances and using this information for the identification of biomarkers that reflect. [14] [15] [16] Studies have used CSF or blood (plasma or serum) to conduct biochemical analysis.
This review is a trial to elucidate the progress in using metabolomics for the early detection of metabolic biomarkers related to neurological disorders. We reviewed the current state of knowledge on plasma and serum biomarkers for neurodegenerative disorders with special emphasis placed on plasma biomarkers related to human 
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metabolism research. With the keywords, 'neurodegenerative diseases' and 'plasma', we searched the following electronic databases: PubMed, Medline, and PsycINFO. We sorted articles by different research fields and core biomarkers using the terms 'metabolomics', 'amyloid beta', 'oxidative stress', 'inflammation', 'homocysteine', 'cholesterol', and 'lipoprotein'. Studies were also searched through crossreferences from published reviews and original papers.
Standardization of metabolomics
The metabolomic profile of a biological sample is affected by several physiological factors, including age, sex, diet, and circadian variations ( Figure 1 ), and the related changes in human metabolic profiles have been investigated. 17, 18 As an example, a study conducted on healthy subjects adopting a strict diet and particular lifestyle showed a relatively small intersubject and intrasubject variability. 19 Another study in which no dietary restrictions were applied found a significant degree of inter-individual variability in urinary metabolomic profile. 20 This variability is reduced if a standard diet is followed on the day before urine collection. 21 In metabolomics, more than in the other "-omic" sciences, it is therefore crucially important to collect background data on the individual concerned to help interpret the results. In addition, for metabolomic experiments, it is important to develop standard protocols regarding sample collection and storage, chemical analyses, data processing, and the exchange of information. 22 The Metabolomics Standard Initiative (MSI) was created, with the support of the Metabolomic Society (www. metabolomicssociety.org), to recommend standard protocols for use in all aspects of metabolomic research. 23 Such standardization will facilitate the future development of applications of the metabolomic approach.
Brain metabolites, location, and significance
Magnetic resonance spectroscopy (MRS) has been shown to be an effective noninvasive diagnostic tool that can be used to monitor serially biochemical and metabolic changes in serial disease processes that affect the brain. Major brain metabolites detected with MRS are N-acetyl aspartate (NAA), choline (Cho), creatine (Cr), lactate, myoinositol, glutamine and glutamate combinations, and lipids. Other resonances observed in specific settings have included alanine, cytosolic and noncytosolic amino acids, scylloinositol, acetoacetate, acetone, and ethanol.
N-acetyle aspartyl glutamate and N-acetylaspartate N-acetyl aspartyl glutamate (NAAG), a putative neurotransmitter or neuromodulator and NAA are accepted as neuronal markers. 24 As such, their concentrations will decrease with many insults to the brain. 25 A decrease in NAA has been shown in infants relative to adults; with senescence; 26 in many diseases including neoplasm, hypoxia, ischemia, epilepsy, and so forth. Glutamate and N-acetylaspartateglutamate are colocalized with NAA in neurons. NAA is synthesized from L-aspartate and acetyl-co-enzyme A by L-aspartate N-acetyl transferase, an enzyme localized to the brain, and also through cleavage of NAAG. Breakdown of NAAG releases both NAA and glutamate, and subsequent breakdown of NAA leads to aspartate. These compounds are excitatory amino acids and are increased with ischemia. It is possible that concentrations of NAAG and glutamate may serve to monitor treatments assigned to protect brain tissues by blocking excitatory amino acids. NAA is not present in tumors outside the central nervous system. A congenital error in NAA metabolism has been associated with Canavans disease, giving rise to an increase in NAA levels. 27 
Choline
Choline is not synthesized in the brain, hence, it is absorbed from the plasma as free choline or as phoshphatidyl choline produced by the liver. Cellular density, free choline, phosphocholine, and glycerophosphocholine are the strongest determinants of 1H MRS choline peak. Choline is a constituent of phospholipid metabolism of cell membranes and reflects membrane turnover. 25 Choline is involved in the synthesis of neurotransmitter acetylcholine and phospholipids. Increased choline probably reflects increased membrane synthesis and/or increased number of cells.
Creatine
Cr peak at 3.03 ppm using MRS contains contributions from Cr, Cr phosphate, and, to a lesser degree, from amino butyric acid, lysine, and glutathione. An additional peak for Cr may be visible at 3.94 ppm. Therefore, the Cr peak is sometimes referred to as total Cr. Cr probably plays a role in maintaining energy-dependent systems in brain cells by serving as a reserve for high-energy phosphates and as a buffer in adenosine triphosphate (ATP) and adenosine diphosphate (ADP) reservoir. 25 Cr also functions as an osmolyte responding to osmotic (Donnan) forces. Thus, Cr is increased in hypermetabolic and hyperosmolar states and decreased in hypometabolic and hypoosmolar states. Total Cr present in Cr Biomarker discovery in neurological diseases Dovepress submit your manuscript | www.dovepress.com Dovepress and phosphocreatine MRS resonance changes to maintain osmotic equilibrium, 28 in normal spectra, Cr is located to the immediate fight of Cho and is the third-highest peak. This peak appears to be tightly controlled under physiologic conditions, suggesting a possible role as a fixed internal reference for metabolite amplitude or area.
Lactate
Lactate MRS peak consists of two distinct resonant peaks called a doublet, and is caused by magnetic field interactions between adjacent protons (J coupling). Lactate doublet occurs at 1.32 ppm and second peak occurs at 4.1 ppm. Normally, lactate levels in the brain are low. The presence of lactate generally indicates that the normal cellular oxidative respiration mechanism is no longer in effect, and that carbohydrate catabolism is taking place. Lactate can play as a neuromodulator by altering the excitability of local neurons. 29 
Glutamate and glutamine
Glutamate, an excitatory neurotransmitter, is the most abundant of the amino acids in the brain. It plays a role in the mitochondrial metabolism. 30 Glutamine is a metabolite of glutamate. These two metabolites resonate closely together and are represented by their sum as peaks located between 2.1 and 2.5 ppm. Glutamate metabolism is particularly important in detoxification and excitatory neurotransmission. A disturbance of the normal glutamate/glutamine regulatory metabolism (excitotoxicity hypothesis) has been suggested to be present in various neurologic disorders such as cerebral stroke, prolonged seizures, neurodegenerative disorders, hypoglycemia, and mitochondrial encephalopathy.
Myoinositol
Myoinositol is a metabolite involved in hormone sensitive neuroreception and is a possible precursor of glucuronic acid, which detoxifies xenobiotics by conjugation. 30 The myoinositol peaks occur at 3.56 ppm. Myoinositol has been suggested as a possible degradation product of myelin and a marker of glial cells. 31 In addition, a triphosphorylated derivative of myoinositol, myoinositol-l, 4, 5-triphosphate, is believed to act as a second messenger of intracellular calcium-mobilizing hormones. Myoinositol has been found to be increased in patients with Alzheimer's disease (AD) 32 or hepatic encephalopathy. 33 
Lipids
Membrane lipids in the brain have very short relaxation times and are normally not observed unless very short TEs are used. The protons associated with lipids produce peaks at 0.8, 1.2, 1.5, and 6 ppm. These peaks comprise methyl, methylene, allelic, and the vinyl protons of unsaturated fatty acids. 34 These metabolites may be increased in high-grade astrocytomas and meningiomas and may reflect necrotic processes. 35 
Plasma-circulating metabolites and their clinical significance
Biomarkers in body fluids such as CSF, plasma, and serum could be utilized to increase the accuracy of diagnosis for cognitive decline and prediction of mild cognitive impairment (MCI) progression. CSF presents a good resource for research into neurodegenerative diseases, but its clinical application is limited by the invasive nature of the procedure, particularly in elderly populations, and the requirement of highly trained personnel, making it unsuitable for routine application.
Plasma is a complex body fluid containing proteins, peptides, lipids and metabolites that reflect physiological activity and pathology in various body organs, including the CNS. In humans about 500 ml of CSF is absorbed into blood daily, 36 making blood a suitable source of neurodegenerative disease biomarkers. The ease of a venepuncture compared to a lumbar puncture allows for repeatability, making it suitable for application in clinical trials to evaluate diseasemodifying treatments. Blood tests for diabetes, cholesterol levels, and apolipoprotein E genotyping are already available to clinicians for assessment of AD risk factors.
According to the current consensus criteria proposed by the National Institute on Aging (NIA), 37, 38 ideal biomarkers for AD should: 1) detect the fundamental CNS pathophysiology of AD and be validated in neuropathologically confirmed cases, 2) should have a diagnostic sensitivity 85% for detecting AD and a specificity 75% for distinguishing between other dementias, 3) should detect any beneficial effects of disease-modifying therapy, 4) should be reliable, reproducible, noninvasive, simple, and inexpensive, and 5) be confirmed by at least two independent studies conducted by qualified investigators with the results published in peerreviewed journals. Key features of a biomarker include its ability to detect disease processes at early and preferably preclinical stages of the disease and variation with disease progression and severity.
Biomarkers of oxidative stress
There are two hypotheses relating peripheral oxidative stress to neurodegeneration. The first suggests that oxidative stress 
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initially develops in the periphery with a variety of possible causes, and results in reduction of CNS antioxidants, finally leading to oxidative damage and neurodegeneration. 39 The second is that the CNS is the original place where oxidative stress begins, and then several different metabolic endproducts are formed and transported into the periphery. 39 Lipid peroxidation (malondialdehyde, 4-hydroxynonenal, F2-idoprostanes), protein carbonyls (protein carbonyls and nitrotyrosine) and DNA oxidation (8-hydroxy-2-deoxyguanosine, single-strand breaks) in the AD brain have been reported as markers of oxidative damage. 40 However, oxidative DNA damage is not an effective diagnostic biomarker for AD patients. 39 Results of proteomics studies provide evidence that oxidized proteins in plasma may be useful biomarkers in MCI and AD. Using ELISA based studies, levels of protein carbonyls in AD patients were found to be lower in serum but not in CSF and plasma, and levels of nitrotyrosine did not differ between AD patients and controls. 41 Isoprostane is one of the products of lipid peroxidation, formed by free radical-mediated peroxidation of polyunsaturated fatty acid. 42 Although isoprostane is not neurotoxic, elevated levels of F2-isoprostane (F2-IsoP) have been observed in AD CSF and brain. 43, 44 In a longitudinal study, levels of CSF F2-IsoPs in AD patients were significantly increased during the follow-up period, and also significantly declined in patients accepting antioxidant treatment. 45 The significance of F2-isoprostane in AD and MCI plasma is still controversial. Pratico and colleagues found high levels of F2-IsoP in plasma, CSF, and urine of MCI patients, 46 and the same research group showed similar results in AD patients. 44 In a recent study, mean plasma F2-IsoP levels were not increased in AD or MCI, but a high percentage of antioxidant use in MCI (74%) and AD (88%) in this research may have influenced the F2-IsoP concentrations in plasma. 47
Biomarkers of inflammation
It has been established that molecules representing inflammatory processes occur in the AD brain 40, 48 and the presence of activated microglia and astrocytes increases the level of pro-inflammatory cytokines, including interleukin-1 (IL-1), interleukin-6 (IL-6), tumor necrosis factor α (TNF-α), as well as acute phase proteins, such as C-reactive protein (CRP) and α1-antichymotrypsin (ACT). 48, 49 There is experimental as well as clinical evidence to support the hypothesis that inflammatory processes might be involved in the early stages of AD, even before amyloid deposition or the appearance of clinical symptoms. [50] [51] [52] However, the results on inflammatory markers in the peripheral circulations of AD and MCI patients are controversial. Several longitudinal studies have shown that inflammatory markers in serum or plasma are related to cognitive decline. High serum ACT was associated with an increased risk of cognitive decline. 53 High-sensitivity CRP significantly increased risk of combined dementias, AD, and vascular dementia. 54 Serum IL-6 and CRP were prospectively related to cognitive decline in well functioning elders. 55 High levels of ACT, IL-6, and CRP in plasma were associated with an increased risk of AD respectively. 50 A recent study used ELISA to measure 120 known signaling proteins involved in central and peripheral immune and inflammatory mechanisms in plasma from AD subjects and nondemented controls. 56
Connecting neurological clinical presentation with plasma changes
The identification of peripheral metabolomic signatures of neurological illnesses is likely to have more potential for translation into the clinical realm. Importantly it is critical in future studies to verify that there are disease related signatures, that may be subrogates of changes in the brain, and hence could provide clinical information and clues about disease pathogenesis. 57 On the other hand, there is a limited amount of research correlating findings seen peripherally and centrally (brain tissue or CSF). However, an obvious challenge to conducting metabolomic studies linking peripheral and central is the limited access to brain tissue. CSF can be collected following a lumbar puncture, and despite that this fluid is commonly used as a proxy for brain changes in CNS disorders, 58 the need for special training for collection and the risk associated to the procedure, have limited the amount of studies conducted using this resource. Nevertheless, some evidence seems to suggest that central CSF changes in potential biomarkers might be correlated with changes in the periphery (blood; plasma or serum). For instance measurement of inflammatory markers in paired plasma/CSF samples of healthy human volunteers revealed a correlation between central and peripheral levels. 59 This also seems to be the case for some metabolites. Plasmafree tryptophan is clearly correlated with brain tryptophan concentration. Indeed, it has been suggested that plasmafree tryptophan concentration provides an index of CSF tryptophan and 5-HT turnover in the brain. 60 Likewise, CSF and serum/plasma concentrations of vitamin biomarkers are significantly correlated. Strikingly, the correlation between serum and CSF-folate can be as high 0.69. 61 Open Access Journal of Clinical Trials downloaded from https://www.dovepress.com/ by 54.70.40.11 on 07-Dec-2018 For personal use only.
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Another example is the levels of the side chain oxidized oxysterol 24S-hydroxycholesterol, a potential maker of brain injury, which forms almost exclusively in the brain and whose levels in plasma and CSF are highly correlated. 62 Nonetheless, limited amount of evidence also suggests that abnormalities in the blood level of certain metabolites (plasma or serum) might not be correlated with central abnormalities. 64 Thus, additional research using metabolomics-based approaches is needed to define metabolites whose central and peripheral levels are linked and how these correlations are influence by neurological illnesses. Comparative studies in CSF (or postmortem brain tissue itself ) and blood could help map central and peripheral changes in neurodegenerative disorders, enabling a more accessible way for biomarker development in blood but ensuring that these peripheral biomarkers are reflective of central changes. Indeed, the process of linking the metabolic profiles defined on blood and specimens derived from invasive sampling (eg, CSF) is critical to identify 'bridging biomarkers' of disease, as well as both efficacy and toxicity medication.
Metabolomic signatures in neurological disorders
Quinones and Daouk were able to identify a distinctive signature of highly correlated metabolites in a set of four patients, three of whom had lower motor neuron (LMN) disease. Furthermore, they defined a metabolic signature that was independent of the drug riluzole (illness-related) by profiling patients who were off medication. 64 Collectively, these results suggest that metabolomic studies can be used to ascertain metabolic signatures of disease using easily accessible samples like plasma.
A recent study by Bogdanov and colleagues 65 conducted interesting work defining metabolomic signatures in Parkinson's disease (PD). They included 25 controls and 66 PD patients and used liquid chromatography followed by electrochemical detection (LCECA) to create a database representing 2,000 signals from plasma samples. Multivariate data analysis revealed separation of the metabolomic profile of medicated and unmedicated patients and controls. Markers of oxidative damage and the antioxidant glutathione were significantly increased in PD patients. Uric acid levels were significantly decreased. Interestingly, alike glutathione, uric acid is also an antioxidant and higher uric acid levels lower risk for PD and slow the progression of the illness.
Another neuropsychiatric disorder in which metabolomic studies have been performed is Huntington's disease (HD).
In an interesting cross-species study, serum samples from a transgenic mouse model of HD and patients with HD were studied using gas chromatography-time-of-flight-mass spectrometry. 66 The investigators observed clear differences in metabolic profiles between transgenic mice and wild-type littermates (healthy mice), with a trend for similar differences in human patients and controls. 66 Potential markers were related to fatty acid breakdown (including glycerol and malonate) and also to certain aliphatic amino acids. Taken together, the findings of this study suggest the interesting possibility that the metabolites responsible for distinguishing transgenic mice also comprised a metabolic signature tentatively associated with the human disease. Results from another murine model of HD have also highlighted the usefulness of metabolomics to study disease pathogenesis and identify potential biomarkers. 67 Metabolomic analysis of blood plasma was performed on nine depressed, 11 remitted, and 10 never-depressed older adults. 68 Hundreds of metabolites were measured using GC-MS. Metabolites that were altered in currently depressed patients when compared with controls included several fatty acids, glycerol and gamma-aminobutyric acid (GABA). Analyses comparing concentrations in remitted and currently depressed patients revealed a pattern of metabolite alterations similar to the control vs. currently depressed analyses. One difference observed in the remitted patients relative to the depressed patients was elevation of the concentration of the ketone 3hydroxybutanoic acid.
Moreover, major changes were noted in two phospholipids classes, phosphotidylethanolamine (PE) and phosphotidylcholine (PC), suggesting that phospholipids that play a key role in proper membrane structure and function seem to be impaired in patients with schizophrenia. 57, 69 The metabolic profile of children diagnosed with autistic disorder with regressive onset was found to be severely abnormal. 70 The autistic children were found to have significant decreases in methionine levels and in the ratio of plasma S-adenosylmethionine (SAM) to S-adenosylhomocysteine (SAM/SAH ratio), an index of methylation capacity. Total glutathione (GSH, the major intracellular antioxidant) levels were decreased and oxidized glutathione disulfide (GSSG) was increased, resulting in a threefold reduction in the redox ratio of reduced (active) GSH to oxidized (inactive) glutathione (GSH/GSSG). Cysteine, the rate-limiting amino acid for glutathione synthesis, was significantly decreased relative to the control children suggesting that GSH synthesis was insufficient to maintain redox homeostasis. This profile was ascertained recently by Al-Gadani and colleagues, 71 Open Access Journal of Clinical Trials downloaded from https://www.dovepress.com/ by 54.70.40.11 on 07-Dec-2018 For personal use only. 
Sensitivity and specificity of biochemical markers of neurological diseases
With the move toward development of disease-modifying treatments, there is a need for more specific diagnosis of neurological diseases. The diagnostic accuracy of a biomarker is most commonly measured by calculating its sensitivity and specificity. Sensitivity is the proportion of patients who are correctly categorized as having disease among those who truly have the disease. Similarly, specificity is the proportion of patients who are correctly categorized as not having the disease among all patients who truly don't have the disease. Since most diagnostic biomarkers provide results in the continuous scale, the sensitivity and specificity of the metabolite depends on the specific threshold selected. 102 Receiver-operating characteristic (ROC) curve analysis is a useful tool in assessment of biomarker accuracy. Its advantages include testing accuracy across the entire range of scores and thereby not requiring a predetermined cut-off point, in addition to easily examined visual and statistical comparisons across tests or scores, and, finally, independence from outcome prevalence. Further, ROC curve analysis is a useful tool for evaluating the accuracy of a statistical model that classifies subjects into one of two categories. Diagnostic models are different from predictive and prognostic models in that the latter incorporate time-to-event analysis, for which censored data may pose a weakness of the model, or the reference standard. However, with the appropriate use of ROC curves, investigators of biomarkers can improve their research and presentation of results. 103 Plasma and serum biochemical markers proposed for AD are based on pathophysiologic processes such as amyloid plaque formation (amyloid β-protein [Aβ], Aβ autoantibodies, platelet amyloid precursor protein [APP] isoforms, inflammation [cytokines], oxidative stress [vitamin E, isoprostanes], lipid metabolism [apolipoprotein E, 24S-hydroxycholesterol], and vascular disease [homocysteine, lipoprotein (a)]). 104 Most proteins or metabolites evaluated in plasma or serum thus far are, at best, biological correlates of AD: levels are statistically different in AD versus controls in some cohorts, but they lack sensitivity or specificity for diagnosis or for tracking response to therapy. Recently, quantitative analysis revealed an increased concentration in five plasma proteins in MCI and AD patients compared to healthy subjects: epidermal growth factor (EGF), glial cell-derived neurotrophic factor (GDNF) and MIP1δ (in AD), MIP4 (in MCI), and RANTES (in MCI and AD). ROC analysis predicted a sensitivity of 65%-75% and a specificity of 52%-63% when comparing healthy controls versus MCI or AD. Depression without any significant cognitive deficits did not cause any significant changes. Depressed patients with significant cognitive impairment were not different from MCI patients. 106 Approaches combining panels of existing biomarkers or surveying the range of proteins in plasma (proteomics) show promise for discovering biomarker profiles that are characteristic of AD, yet distinct from nondemented patients or patients with other forms of dementia.
Plasma markers for stroke could be useful in diagnosis and prognosis and in prediction of response of stroke patients to therapy. PARK7 and nucleoside diphosphate kinase A (NDKA) are increased in human postmortem CSF, a model of global brain insult, suggesting that measurement in CSF and, more importantly, in plasma may be useful as a biomarker of stroke. Increases in both biomarkers were highly significant, with sensitivities of 54%-91% for PARK7 and 70%-90% for NDKA and specificities of 80%-97% for PARK7 and 90%-97% for NDKA. The concentrations of both biomarkers increased within three hours of stroke onset. 106 Receiver operating characteristic curves were constructed, showing test sensitivities at given specificities for PD. Myocardial 6-[18F]fluorodopamine-derived radioactivity distinguished PD from multiple system atrophy (MSA; 83% sensitivity at 80% specificity, 100% sensitivity, respectively). 107
Overview of metabolomic methodology
For metabolomic analyses, the analytical technique must therefore be really suitable for a diverse range of small endogenous metabolites in various concentrations. Furthermore, it must be able to separate compounds with different physical and chemical properties, and be very reliable. Currently, most metabolomic analyses are performed with nuclear magnetic resonance spectroscopy (NMR), gas chromatography combined with mass spectrometry (GC-MS), liquid chromatography combined with MS (LC-MS), and capillary electrophoresis.
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MS-based methods for metabolomics
MS-based approaches represent universal, yet sensitive tools to characterize, identify, and quantify the plethora of compounds present in a biological tissue or body fluid. 110 Prior to analysis, biological samples need to be separated using chromatography, commonly either gas (GC) or liquid chromatography (LC). Subsequently, metabolites are identified using a mass spectrometer. The use of MS for Biomarker discovery in neurological diseases Dovepress submit your manuscript | www.dovepress.com Dovepress metabolomics research in CNS disorders provides a number of advantages, allowing the detection of many metabolite classes at physiological concentrations including amino and organic acids, fatty acids, sugars, sugar phosphates, bile acids, lipids, and nucleotide bases. MS has the ability to identify known as well as new metabolites (not currently described in databases) in a relatively straightforward fashion.
GC-MS technique
The combination of gas chromatography (GC) with MS is a well developed and robust tool that has been applied for many years. Thus, GC-MS has been one of the major analytical drivers in the early development of metabolomics. GC-MS allows the detection and quantification of many metabolite classes including amino and organic acids, fatty acids and some lipids, sugars, sugar alcohols and phosphates, amines, amides, and thiol-containing metabolites. This technique has become highly developed because of high sensitivity, high chromatographic resolution, a wide range of detectable metabolite classes, and the ability to identify metabolites through the production of mass spectral/retention index libraries or by comparison to commercially available libraries. 66, 68 
LC-MS
This flexible and sensitive analytical platform used to characterize, identify, and quantify a large number of compounds in a biological sample where metabolites are present at very different concentrations. 111 LC encompasses a range of systems including high-performance liquid chromatography (HPLC) and capillary liquid chromatography, among others. Metabolic profiling using LC-MS can be hindered by issues related to the chromatographic resolution, effect of matrix effects (ionization suppression) on co-eluting metabolites and influence of column chemistries employed. Nonetheless, LC-MS has been used successfully for metabolomic studies in CNS disorders (eg, virus infection-induced neurodegeneration). 
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Capillary electrophoresis
Capillary electrophoresis (CE) is an analytical separation technique capable of high-resolution separation of a diverse range of chemical compounds. 113 It is particularly suitable for the separation of polar and charged compounds. It is a more powerful technique than LC with respect to separation efficiency, and the amount of sample required for analysis is small. When CE is used for the analysis of serum or cerebrospinal fluid, deproteinization is often applied using ultrafiltration. The main reason for the deproteinization is to prevent precipitation of the proteins in the capillary or adsorption to the capillary wall. However, human serum has also been analyzed directly by CE for the determination of organic acids. 113
Concluding remarks
The introduction and concepts of metabolomics enabling the study of neurological diseases based on profiling a multitude of biochemical components related to brain metabolism. This approach is considered to have the potential to revolutionize medical practice in preventing, predicting, and personalizing brain health care. Through metabolomic approach, plasma and serum, could be utilized to increase the accuracy of diagnosis of neurological disorders. Metabolomic approach is a promising tool for the investigation of large number of small samples rapidly which could reduce the manual labor of technicians and to explore unexpected properties of biological systems which could help in recording more markers related to brain diseases. If metabolomic information can be translated into diagnostic tests, metabolomic approach could provide earlier, faster, and more accurate diagnoses for many diseases. Potential biomarkers require evaluation of their sensitivity, specificity, and there is currently no biomarker candidate that fulfills all the criteria for validation as a biomarker.
